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XXXVH.— On some Freshwater Amphipods : The Reduction 
of the Eye in a new Gammarid from Ireland. By Prof. Dr. 
Fr. VEJDOVSKY *. 


{Plates XT. & XTI.] 


THE paper by W. F. de Vismes Kane (23) on the Amphipods 
of the Irish lake, Lough Mask, is worthy of attention m 
many ways. It records that the author collected there about 
130 specimens of Niphargus Nochianus, among which there 
were three ‘ which had well-leveloped pigmentation and a 
fourth which showed a cloudy shading in the optic region.” 
As I had already stated (22) that in “ N. Kochianus ” rudi- 
ments of eyes without pigment are present, I was obliged to 
devote special attention to the work of de Vismes Kane, 
according to which pigment was still actually to be found in 
certain individuals. 

Mr. de Vismes Kane, with the greatest kindness, placed at 
my disposal, for purposes of investigation, a portion of his 
collection of the above-mentioned Gammarids from Lough 
Mask, including examples of the wholly blind Niphargus and 
also the four individuals with the eye-flecks which had been 
preserved in formol. This valuable material, for which I 
here wish to thank Mr. de Vismes Kane, proved to be of 
great importance for several reasons, viz. :— 

(1) Because it furnishes evidence as to the extent of the 
first stage in the reduction of the compound eye; 

(2) Because by reason of this degeneration it is possible to 
explain the significance of the “ pigment-veil” [Pigment- 
schleier] already known in Crangonyx subterraneus; and 

(3) Because, lastly, it offers the possibility of deciding 
the relationship of the freshwater shrimp [Flohkrebs] found 
in the wells of Munich, usually alluded to as Niphargus 
“ Kochianus,” with the similarly designated species from 


England and Ireland. 


I. On BATHYONYX, gen. nov. 


In his paper de Vismes Kane refers all the Gammarids 
found in Lough Mask to a single species, viz., Niphargus 
Kochianus, Bate. I have been able to confirm this identifi- 
cation with the exception of those four individuals with eye- 


* Translated by D. J. Scourfield from the ‘Sitzungsberichte der 
königlichen böhmischen Gesellschaft der Wissenschaften, No, 28. 
Prag, 1900. 
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pigment, which in no way possess the characters of the genus 
Niphargus, but are representatives of a new genus inter- 
mediate between Crangonyw and Gammarus, which I 
designate Bathyonyx. To the species I give the name of 
D. de Vismesi, gen. nov., sp. na, in honour of the discoverer. 

Generic and specifie characters :—Bathyonyx wrth both 
pairs of antennee very short (the flagellum of the first usually 
G~jointed, that of the second 4-jointed), with 2-jointed secondary 
branch on the first antenne, Eyes cousisting of crystalline 
cones diffusely distributed in the pigment. Guathopoda with 
weakly developed hands ; the hands of the anterior gnathopods 
broader than those of the second pair, Telson split for two- 
thirds of tts length, consequently bilobed. Third pair of uro- 
pods with an outer 2-jointed, and a short tuner \-jointed 
branch, scantily furnished with sete, as ta Crangonyx. Seg- 
mental capsular epidermal sensory organs fusiform. 


Bathyonyx de Vismesi, gen. et sp. nn. 


The four specimens examined were all of equal length, 
namely 3 mm., and of similar form. Being preserved in 
formol they still showed traces of the original pale orange- 
red coloration which was especially noticed by de Vismes 
Kane in the living condition. 

The antenne are remarkably short, attaining about one- 
fourth of the body-length ; there is no well-marked distinction 
between the joints of the peduncle and the flagellum, for the 
three basal joints pass gradually into those of the flagcllum. 
In this way the total number of joints of the first antennze 
amounts to nine in two specimens and eight in the third. 
(The fourth example was cut into serial sections.) The 
third joint carries the 2-jointed secondary branch, of the 
same form as in Niphargus for example, 7 e with an 
elongated and greatly swollen basal joint, and a short and 
slender distal joint (P1. XI. fig. 2,2). The antennal setie 
are weak, short, and scanty, from 1-4 on each joint as in 
Niphargus. The sensory sete, whieh I have described from 
the antennæ of Crangonyx as sensory brushes [Sinnespinsel], 
are also present in Lathyonyx, but they are very feebly 
developed, so that they can be easily overlooked. 

These remarkable sense-hairs are characteristic not only of 
these genera, but also of Niphargus and Gammarus (especially 
those of the first joint of the first antennæ), occurring, in fact, 
in the last-named genus in the greatest number. 

Thus in @. fluviatilis from Ierzegovina (collected by 
Dr. Thon) I invariably found seven sensory brushes on the 
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distal outer edge of the first joint in the space between the 
large ordinary sete. In addition, there are in the middle ot 
the same joint two further sensory brushes, accompanied by 
a thicker ordinary seta, exactly as in Crangonye. 

In Buthyonye also there are always two sensory brushes 
in the middle of the first joint and four on the distal edge. 
Their structure is the same as in Crangonyw«, Niphargus, 
and Gammarus. Tach sensory brush consists of a basal 
cup or urn sunk into the fibrous inner cuticle. (This fibrous 
inner cuticle is covered with a thin homogeneous outer 
cuticle, PI. XI. tig. 14, ¢). 

From the cup there arises the stem of the seta, which, at its 
distal end, is furnished with two lateral rows of fine hairs 
(Pl. XI. fig. 14). I have designated these sense-hairs in 
Crangonyx as “ quaking-hairs ” [Zitterhaare], because in the 
living state they are found to be subject to periodical 
vibratory movements, which points to some definite sensory 
action. The quaking movement of these hairs of Amphipods 
is certainly worthy of remark, especially as it resembles 
ciliary action, although produced in a different manner from 
the latter. The quaking of the sense-hairs reminds one 
rather of the flame-cells [Zitterorgane] of the Rotatoria, or 
of the tufted hairs [Buischelhaare] which I have deseribed in 
Bothrioplana bohemica*., 

By the examination in profile of the transparent first 
antenna it is easy to demonstrate that the sensory brushes 
are supplied with nerves from the antennal ganglion. Long 
and fine processes from the ganglion-cells are connected with 
special club-shaped cells, the short process from each of which 
is spread out like a dish at the base of the cup from which the 
seta arises (PI. XJ. fig. 14, ne). The structure of the ganglia in 
the antennee of the Gammarids is, according to what I have 
so far been able to demonstrate in Gammarus pule, &c., 
very characteristic and deserves special attention from com- 
parative nerve histologists. 

On the lower antennz the sensory brushes only oceur 
singly ; thus I have observed two on the second joint and 
one each on the third and last joints of the same torm and 
size as on the first antenne. 

I only found the hyaline clubs, so-called olfactory clubs, 
on one specimen (PI. AT. fig. 3); they are very short, not 
attaining the length of the joints, and therefore very difficult 
to observe. 


* “Zur vergleich. Anatomie der Turbellarien,” Zeit. f. wiss. Zool. 
Bd. Ix. (1904). 
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Sensory brushes are present on the telson * as well as on 
the antenne, as has already been shown in many Amphipods. 
Their position upon the surface of the telson appears to be 
characteristic of the species of Niphargus and Gammarus. 
In Bathyonyx the telson is split for two-thirds of its length, 
thus being bilobed posteriorly, the lobes gradually narrowing 
and each being furnished at the point with a long and a short 
simple seta (Pl. XI. fig. 13). 

In addition there is always present here a short sensory 
brush. Somewhat anterior to this group of hairs and towards 
the exterior edge there are always two longer sensory brushes 
of the same form and size as on the antennee. The inner- 
vation of all the sensory brushes on the telson evidently 
proceeds from the lateral nerves of the last ventral nerve- 
cord ganglion, as I have been able to demonstrate, for 
example, on the telson of the New Zealand species Cran- 
gonyx compactus, Chilton. 

Quite different in structure from the sensory brushes are 
the segmental sensory capsules, which, among different 
Gammarids, exhibit a form typical for the genus. By means 
of these sense-organs the genera Niphargus, Crangonyx, and 
Gammarus can be determined with perfect safety. But they 
are somewhat difficult to find, especially when only a few 
occur on the segment, as they are characterized by their 
extremely minute dimensions. It is only on this account 
that I have not made an earlier reference to their occurrence 
in Crangonyx. I refer to the capsules as segmental sense- 
organs because they are distributed partly on the body- 
segments and partly on the epimera. ‘The form, number, 
and distribution of the capsules can be seen without much 
difficulty in preparations of the second epimera, where they 
appear regularly disposed in a semicircle on the margin, and, 
in consequence of the sharply contoured cuticular walls, they 
stand out as plainly in the living animal as in preparations. 
The sense-hairs, too, which are connected with the capsules, 
make the recognition of the latter easier. 

Among the species of the genera already mentioned I have 
made out the following forms of sensory capsules :— 

In Niphargus they are mostly flask-shaped, gradually 
narrowing towards the exterior, where they pass into the little 
sense-hair. The sense-hairs are mostly plumose, or like a 
paint-brush, rarely simple and pointed. 

I have examined the sensory capsules of various species of 


* Chilton has also observed them on the penultimate joint of the 
fourth pereiopods in Gammarus fragilis. 
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Niphargus as regards shape and have been able to determine 
the following forms :— 

Niphargus puteanus from Prague (PI. XI. figs. 23 & 24). 
Sensory capsules 12 w long and 4 w broad, with usually a 
short sense-hair ending in a tuft. Less frequently the sense- 
hairs are simple, not branched. 

Niphargus elegans from Modena (PI. XII. fig. 22). Sensory 
capsules of the same form as in N. puteanus from Prague, 
but the sense-hairs have forked ends with a long tuft on one 
side. 

Niphargus tatrensis (Switzerland, fig. 26), more strongly 
swollen, with a simple sense-hair ending in a thread. 

A Niphargus from Lille has very small sensory capsules 
with sense-hairs of the paint-brush type (fig. 27). 

In Niphargus Caspary, from Munich, the sensory capsules 
are very pale, thin-walled, and short. They give rise toa 
simple short sense-hair (fig. 28). 

Niphargus Kochianus (Lough Mask in Ireland) is provided 
with nearly spherical sensory capsules narrowed towards the 
exterior and tufted sense-hairs (fig. 29). 

In Crangonyx subterraneus, great numbers of which I have 
been able to examine recently from the point of view of the 
sense-organs now in question, the capsules are almost 
cylindrical, longer than broad, the sense-hairs long, not 
plumose ; sensory capsules 4—5 u long, sense-hairs 20 u long 
(fig. 30). 

In Crangonyx compactus, trom New Zealand, the sensory 
capsules are very slender, terminating with a simple hair 

alae 

In all the species of Gammarus the capsules are, in the 
main, spindle-shaped, slender, pointed exteriorly, not infre- 
quently constricted in the middle, the sense-hairs short, not 
plumose. The length of the capsules varies, according to the 
species, from 16-22 p (figs. 20 & 21). The same details of 
the form of the capsules apply, in general, to Bathyonyw also, 
but the structures are much smaller and diflicult to find 
(fies 117, 1S, sponse ). 

The internal structure of the sensory capsules differs from 
that of the sensory brushes, but is the same in all genera, as 
can be demonstrated with the greatest precision on the larger 
forms occurring in the Gammarids. The proximal portion 
of the cuticular wall of the capsule turns inwards and forms a 
hollow axial stalk, to which the sensory seta is attached. In 
some species of Gammarus and in Crangonyx the distal end 
of the stalk, č. e. where the sensory seta arises, is thickened 
into a little head. It is not difficult to make out that the 
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capsules are innervated from the cutaneous nerves, for a pale 
but sharply contoured nerve-thread approaches the base of each 
capsule and then clearly passes along the stalk to be joined 
to the sensory seta, The nerve-fibre always originates from 
one ganglion-cell, as is accurately shown by Hamann. 

The sensory capsules are found on all the segments. On 
the cephalic segment of Bathyonyg, close behind the diffuse 
eye, there are 4-5 capsules arranged in a curved line 
(fig. 17, spo), and not far behind there is a second row of 
3-4 capsules (fig. 17, spo‘). On the following segments 
the number may be less, but they occur more or less 
regularly also on the hinder segments. 

In Crangonyw I always found, in the hinder region of the 
body, four capsules on each segment, two anterior and two 
posterior, while on the anterior segments they were rarer and 
less regularly distribnted, although one must take into account 
the circumstance that the structures can easily escape 
observation by reason of their minuteness and their usually 
small refractive power. 

The attention of earlier investigators was very often given 
to the sensory capsules. Thus La Valette observed them on 
the back and therefore referred to them as “ capilli in corporis 
dorso siti?’ Humbert recognized them as sense-organs and 
designated them accurately as “ capsules sensitives.” As 
Hamann justly remarks, Leydig combatted the correctness of 
this expression, “ for it is not a question of capsules but of 
modified cuticular canals. But from his description it is 
evident that he classed these organs with the similarly formed 
hair-structures of the antenne and only examined the latter.” 
Vom Rath and more recently Hamann have correctly described 
and figured the sensory capsules (referred to by Hamann 
as sensory clubs). Della Valle calls the organs “ peli,” but 
his figures are reproduced on a small scale, so that the 
structure of the capsules, nerve-endings, and sensory sete do 
not clearly appear. 

The most remarkable organs of Bathyonyx are undoubtedly 
the EYES, and for this reason I propose to describe them in 
detail. Not one of the four above-mentioned specimens has 
normal compound eyes such as are found in Gammarus, but 
visual organs with scattered components on both sides of the 
head. Unfortunately, owing to the fixing agent, the pig- 
ment was not perfectly preserved, so that it is impossible to 
state exactly the number of the pigment-cells. 

One example was cut into a complete set of serial sections, 
principally with the object of showing more precisely the 
relation of the nerves and optic ganglia to the external visual 
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apparatus. Unfortunately the preservation in formalin had 
so much damaged the internal nervous structure and the 
brain that nothing definite can be said in this connection. It 
is only possible to refer to the superficial appearance of the 
eye, and in addition at most to the position of the dioptric 
elements under the hypodermis as observed in preparations of 
the entire animals under moderate and high-power magni- 
fication. But even in this way interesting results are 
obtained. 

In general the eye of Bathyonyx is not a compact organ, 
such as we are accustomed to picture the compound eye of 
Arthropods, but forms a large irregularly defined fleck of 
unequal size with a variable number of crystalline cones in 
each of the available specimens. I figure such eyes im 
figs. 16-18. 

In fig. 16, which is drawn under a low magnification, 
there are twenty-four cones. They occur in a dark (brown 
to brownish black) fine-grained pigment which appears to be 
most thickly developed in the centre of the eye. 

Here was evidently situated the original eye, as, for example, 
in Gammarus. In this central pigment most of the crystal- 
line cones are collected, without, however, forming a compact 
organ. 

They are as irregularly distributed in the pigment, without 
any definite position, as the peripheral crystalline cones, 
which mostly lie under the ordinary hypodermis without any 
pigment. All the crystalline cones are commonly composed 
of two segments or simply constricted, the hemispheres being 
sometimes equal and sometimes unequal in size. Now and 
again at the periphery small wholly isolated cones are also 
found. The crystalline cones consist of a strongly refractive 
homogeneous brownish substanee, and therefore stand out 
clearly in the preparations. 

In this condition the individual cones appeared in all four 
specimens. Another eye, as seen under strong magnification 
(as with Hom. Imm. Apochr. OLJ. 2 mm., Oc. +) and showing 
interesting details in the structure of the cones, is reproduced 
Leela 

Here the scattered components of the cye are still more 
striking ; inthe centre of the eye-fleck one finds large, simple, 
rarely double, hexagonal or irregularly branched pigment- 
cells in the midst of whose granular substance a small ronnded 
nucleus can be detected (p). The whole system formed 
by the cones and the central pigment-cells retains in the 
main a reniform shape, as is also typical of the compound 
eyes of Gammarus. In Bathyony2, however, there exists no 
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connection between the individnal cones; they are isolated and 
mostly situated at the periphery of the pigment-cells. The 
total] number of the cones in the specimen represented amounts 
to only fourteen, and the variable form and size of the eom- 
ponents can be well seen in the drawing. 

The number, form, and size of the crystalline cones vary, 
however, not only in different individuals, but also in the 
right and left eyes of one and the same animal. The eye 
just described belongs to the left side of the head (fig. 17). 
In fig. 18 is shown the eye from the nght side of the same 
animal. In the centre of the pigment-eells there is only one 
erystalline cone; the others are situated at the periphery of 
the pigment-cells, irregularly scattered, and two even lying 
not far from the frontal margin of the head. In this case 
there are only eleven crystalline cones of the most diverse 
size and form. 

The structure of the crystalline eones here reproduced is 
certainly very peeuliar and difficult to correlate with the 
details of an ordinary compound eye of Gammarus. In each 
cone there is a dark, finely granular, sharply defined matrix, 
at whose margin, when in a favourable position, a little body 
can be seen which I am inclined to consider as a nucleus. 
In this matrix an irregular number of smaller rounded bodies 
are present. In the simplest case there is a large central 
sphere and with it one or more little spheres. There can, 
however, be such an increase of both kinds that the matrix 
appears to be filled with vacuoles. ‘These inner vacuolar 
spherical bodies are filled with a homogeneous slightly re- 
fractive substance which is only stained by carmine in a very 
feeble and diffuse way. 

In the above-mentioned serial sections into whieh one 
specimen was cut, I have unfortunately found little explaining 
the conneetion of the appearance in side view of the crystal- 
line cones, as described, with the nervous organization. In 
fig. 19 one such section is reproduced. Nothing ts here to 
be seen of the nerves. The cuticle of the head (ce) stands 
off a long way from the eye. ‘The hypodermis (4p) forms a 
thin layer which contains only the regularly placed nuclei. 
Underneath there are three groups of large pigment-masses 
without nuclei, between which occur rounded vacuolar bodies. 
These are the rudiments of the crystalline cones, and they 
are not nearly so refractive in these sections of 5 w in thiek- 
ness as in the preparations showing the animals from the 
side. <A direct connection between the outer larger pigment- 
masses and the deeper layer of smaller pigment-eells (rż) 
docs not exist in the serial sectious. 
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Between the two layers there is a hollow space, whether 
artificaily produced or not I am unable to decide. But 
according to the known structure of the eye in Gammarus 
we should be dealing, in the lower pigmented layer of cells 
arranged almost like epithelium, with retinula-cells, to which 
also the outer pigment-masses belong, they being certainly 
only separated by the unsatisfactory method of fixing. From 
this it would seem that in Bathyonyx the retinula apparatus 
was still retained, although the dioptric elements were 
gradually destroyed. For the crystalline cones described 
above must be considered as being in process of degeneration : 
firstly, because they do not form a single compact eye, but 
are only loosely scattered under the hypodermis, and, secondly, 
because the actual substance of the normal crystalline cone is 
gradually degenerating. 


Special investigation of the mouth-organs of Buthyonyw 
shows that they resemble in form those of Crungony., except 
that they are much more teebly developed, thus corresponding 
to the general organization of Buthyonyw. The drawings of 
the mandibles and their palps (fig. 4), of the maxille of the 
first (figs.5 & 6) and second pairs (tig. 7), and, lastly, of the 
maxillipedes (fig. 8) entirely support this conception. The 
palpi of the maxillipedes are almost as long as the gnathopods, 
which are also very weakly developed, especially the hands, 
which, under low magnification, can scarcely be distinguished 
from the almost equally broad or even broader proximal joints 
(earpopodites). The form of the hands of the gnathopods of 
both pairs reminds one of Crangonye, but in general in this 
case, as in Crangonyx, there is some variability. In order 
to show this I give in figs. 9-11 camera drawings of the 
hands of three specimens. Figures 10 and 11 are shown 
under the same and fig. 9 under a slightly higher magni- 
fication. From a comparison of the three it is apparent that 
the ouly character common to all is that the hands of the 
first pair are obviously broader and shorter than those of the 
second pair. It can also be seen from the drawings that the 
oblique outer edge of both hands is finely toothed and that the 
armature of strong sete which is characteristic of the hands 
of Gammarus, Crangonyx, and in part Niphargus (as I have 
specially remarked in connection with Cranyonya) is entirely 
absent in Bathyouye. tn other respects a slight variability 
in the form of the hands is to be observed in all three cases, 
which is also true of Crangonye. A comparison of the form 
of the gnathopod hands of the last-named genus, as I have 
figured them im my paper (21, figs. 12-14), a figured 

g= 
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by Chilton (7, fig. 4, gn, g?) might easily lead to the view 
that the Crangonyx found in Bohemia in a certain measure 
represented a different species to that found in English wells. 
Indeed Stebbing, on the ground of my representation and his 
own experience, has considered that the Crangonyx found at 
Radotin near Prague belongs to a distinct genus and species 
“ Kucrangonyx Vejdovskyt.” Only after comparison of the 
original specimens from Bohemia and England, which we 
made in Prague with Chilton, was it demonstrated, beyond 
all doubt, that we were dealing with one and the same species, 
in which the form of the gnathopod hands in different 
individuals is subject to a noticeable variability. 

I have been able recently to convince myself that this is 
actually the case by an examination of numerous specimens 
of Cranyonyx which were collected in the course of last year 
in great quantities in wells at Podbaba, near Prague, by my 
energetic pupil Herr Niessner. 

I] have not specially investigated the other feet, as, in the 
main, they resemble in form the corresponding extremities of 
Cranaouye., he little double hooks on the thighs of the 
first and second pleopods also ditter only in a small degree 
from the same structures in other Gammarids, especially 
Gammarus (fig. 15). Further, the last pair of uropods 
correspond with those of Crangonyx; they are rather short, 
the basal joint almost as high as broad; the outer branch 
consists of a long proximal and a short thin distal joint 
(fiz, 12). 

The proximal joint bears on its side only one or two sete, 
and differs esseutially in this respect from the corresponding 
joint of the Niphargi and Gammarids, which is armed with 
tufts of strong sete. 

The inner branch is 1-jointed and reaches more than half 
the length of the outer branch. Moreover, it is comparatively 
longer than in Niphargus and shorter than in Gammarus, | 
must, however, remak that I have only examined these 
uropods in two specimens. 


From the point of view of general biology the discovery of 
Bathyouye is very important. So far as its systematic 
position is concerned, the genus comes between Gammarus 
and Crangonyz, as it agrees with the former in its capsular 
segmental sense-organs and with the latter in the rest of its 
organization. Only the absence of the so-called secondary 
gills, which are so characteristic of Crangonyx (and Boruta), 
aud the two-lobed telson separate Bathyouy trom the genera 


some Freshwater Amphipods. 237 


mentioned and bring it in some respects near to Gammarus 
aud in others to Niphargus. 

According to de Vismes Kane, Bathyonyx was obtained 
from a depth of from 130 to 150 feet in Lough Mask. From 
the general habitus of its body and most of the details of its 
organization it may be regarded as a degenerate form, a 
conception which 1s strongly supported by the sense- organs, 
especially the eyes. All the above-mentioned cuticular 
sense-organs, as the sensory brnshes and capsules, are present 
in all species of Gammarus living in ordinary fresh waters, 
but in much greater number and development than in Bathy- 
onyx, where they are subject in both directions to a reduction 
corresponding to that of the eyes, and cannot therefore be 
considered as compensatory organs. The ancestors of Bathy- 
onyx evidently possessed the same sense-organs as, for 
ex ample, the common Gammarus, and in the same number 
and development, but they degenerated in the course of time 
in the depths of Lough Mask. There is no reason for sup- 
posing that these crustaceans reached the lake in the water 
from the springs ; their organization strengthens us rather 
in the opinion that the progenitors are to be sought perhaps 
only in a species of Crangouyx or Gummarus W hich gradually 
adapted themselves to lite at the bottom of Longh Mask. 
Although species of Crangonyx possessing eyes are known, 
among “whieh especially C. recurvus, according to Grube, 
lives in Lake Vrana, on the island of Cherso, unfortunately 
its organization. has not been hitherto carefrlly studied # 
From what has been said it appears that we must attach the 
greatest importance to the eyes. 

The gradual adaptation to life in the darkness of deep 
lakes and subterranean waters generally produces the result 
that the organs of sight are gradually, not suddenly, reduced, 
until at length the animal appears quite eyeless, and trans- 
mits its blindness to the following generations. So far as the 
freshwater Amphipoda are concerned, we now know a series 
of cases in which we must conclude that eyes were formerly 
present. Reference has often been made to the observation 
of Leydig that certain individuals of Nipkargus puteanus were 
provided with eye-pigment just in that part of the head where 
the eyes are situated im such a form as the common 


Gammarus. 


* From an interesting paper by M. Grochowski (11) T learn that he 
and Professor B. Dybowski found in 1895 a large number of C. recurvus 
in the lake mentioned. A special account of this species therefore may 
be expected. 
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Although in the course of thirty years I have investi- 
gated from this point of view hundreds of examples of the 
species mentioned, I have not been able to find anything of 
the pigment in question in a single individual, and I believe 
therefore that we are driven to the conclusion that Leydig 
only had Crangonya before him. In this genus I have in- 
variably found, not only in examples from Jtadotin, near 
Prague, but also recently among great numbers of individuals 
from the wells of Podbaba, near Prague, pigment-flecks on 
both sides of the head, consisting of large branched cells such 
as I have described in an earlier paper. 

Very interesting is the further statement of Moniez (14), 
from which it appears that he observed a “Gammarus fluvia- 
tiis” m the drinking-water of Emmerin, near Lille, whose 
eyes appeared in the form of dark flecks. 

They were not so compact as in the normal freshwater 
shrimps, but appeared to consist of single ommatidia sur- 
rounded by black pigment, and the crystalline cones were not 
so round as in the typical species. Moniez therefore described 
the form he had observed as G. fluviatilis, var. d’ Emmerin. 
According to the description we should have here a case of 
rudimentuy eyes exactly corresponding to what we have 
specially described in Bathyonyx, and it is to be hoped that 
the Emmerin variety may be subjected to an examination as 
to its other characters in order to see whether it may not 
represent a distinct species closely alhed to , Buthyonya 
de Vismest, 

Not less important is the communication of R. Schneider 
(19) about the Gammarus pulex living in the uuderground 
waters of Claustal, in which the author found the eyes to be 
in a peculiar condition. They are of irregular form, without 
definite outline, with a little blackish pigment which is con- 
fined to the centre of the eye, disappearing towards the 
periphery. The crystalline coues are separated from one 
another, and the eye is therefore diffusely formed as in our 
Bathyouyx. R. Schneider designates the form as G. pulex, 
var. subterraneus *. 

According to Garbini, the G. fluviatilis observed by him 
near Verona exhibits the same arrangement with regard to 
the eyes as Schneiders G. pules, and he calls the form 
G. fluviatilis, var. monophthabnus. The same author mentions 
also AV. eleyans, var. imperfectus, with small brownish pigment- 


* [The original description by Schneider is given by Prof. Vejdovsky 
in a long footnote, but it has not been thought necessary to reproduce it 
in this translation.— Translators note. | 
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flecks, like those I have referred to in connexion with the 
specimens from Modena. 

The large pigment-flecks of Crangonyx subterraneus, which 
I have described as a pigment-veil [ Pigmentschleier ’ a 
snggest by their position the former presence of eyes; L 
have not, however, referred to them as rudiments of eyes so 
long as ‘there was no definite proof that the pigment was 
directly connected on the one hand with the crystalline cones 
and on the other with the optic ganglia. 

We know now, however, that on the one side there are 
species of Crangonyx with normal eyes, and on the other that 
the eyes of C. compactus from New Zealand aTe, according 
to Chilton, only represented by two or three little ‘ lenses” 
without pigment. If we turn to C. subterraneus, we must 
regard the pigment-veil as a rudiment of an eye in which the 
crystalline cones lave completely disappeared and only the 
pigment-cells remain. We find, therefore, that the genus 
Crangonyw is characterized by visnal organs in all possible 
stages of reduction; and we might expect to find similar 
series of degenerating eyes in other genera. For Gammarus 
I have already mentioned the observations of Moniez and 
Schneider; a completely eyeless species G. fragilis, has 
been described from New Zealand by Chilton, and I myself 
know a large species from Herzegovina the two examples of 
which in my possession lack all trace of eyes. 

The same series may be made out in Niphargus. Itis 
true that species with normal eyes are not known, but 
N. elegans, which is characterized by possessing ouly the 
eye-pigment, permits of the assumption that there are species 
with eyes, and there exists a whole series of completely blind 
species, as N. Kochianus, Caspary, puteanus, &c. (The work 
of Viré has not been accessible to me.) 

Now it is possible that there are eyeless forms which occur 
at the same time and in the same place with those possessing 
reduced and normal eyes. At least “ Gammarus pulex,” 
from Wiidenschwyl in Switzerland, deserves a renewed 
investigation, as, according to the statement of Asper, it is 
represented at a depth aE 40 m. by individuals with and 
without eyes. ‘This case of variable development of the 
visual organs in different individuals of the same species is 
confirined among other species of animals by Packard, and 
Forel particularly notes that in rare and exceptional instances 
the blind Asellus Forelii, Blane, still bears vestiges of eyes ; 
and in this connexion it may be remembered that years ago 
Į found in a well m Prague both eyed and eyeless forms of 
the rhabdoceel Gyrator notops, Dugès. The cyeless form 
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has been described by L. v. Graff as a distinct species— 
Gyrator coccus. 

The foregoing cases may support the opinion expressed by 
Packard, and more recently by Chilton, that it is possible 
that different species, and even individuals from different 
localities, may exhibit different stages in the reduction of the 
eyes, 

The discovery of Bathyonyx offers now excellent evidence 
as to the probable first stage in the degeneration of the eyes. 
The ancestors of this genus were certainly closely related 
to a Gammarus with normal eyes, as may be seen from 
the whole organization and in particular from the capsular 
segmental cuticular sense-organs. The visual organs also 
represent the well-known kidney-shaped eyes of a Gammarus- 
like wucestor. The descendants, adapting themselves to live 
in the dark depths of the lake *, gradually lost the power 
of seeing with the compound eye, as individual ommatidia 
remained fuuctionless and consequently the crystalline cones 
became subject to degeneration. Only the pigment-cells 
remained and the ommatidia which still retained their 
functional power appeared then as scattered components of an 
eye on each side of the head. It is in this stage that 
Bathyonyx now presents itself to us. 

But the crystalline cones still present have also undergone 
degeneration, as is shown by the little homogeneous spheres 
Within the cones. The hypothesis of the progressive re- 
duction of the eyes can, I believe, be supported by the 
following facts :— 

(1) From the variable number of the crystalline cones in 
one and the same animal on the mght and left sides of the 
head. 

(2) From the extremely variable size of the individual 
crystalline cones, which in one and the same eye present 
instances of diminution in size so as to finally appear simply 
as little refractive particles. 

(3) From the form of the crystalline cones themselves. 
Lhe homogeneous spheres within the fine-grained matrix 
must, I think, be regarded as evidence of degeneration. In 
this way the crystalline cones lose their dioptric property. 
The degeneration, however, does not occur in any particular 
order, but may affect widely separated ommatidia, while the 
intermediate cones may remain intact. 

In consequence of the foregoing, the originally compact 

* From the small number of specimens obtained it may be supposed 


that the species lives perhaps in the mud and only occasionally swims 
About freely in the water. 
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eye breaks up into a variable number of scattered elements 
which oceupy a considerable space without any definite 
arrangement, 

From what has been said it appears that we must eonsider 
the structure of the eyes in Bathyonyx as representing the 
first stage of degeneration, and therefore this genus as the 
first which conld arise from the Gammarus-like ancestor with 
normal eyes. The ancestry of the blind species of Gammarus 


and of Buthyony# may be represented as follows :— 


1. Species of Gammarus with eyes. 


Gammarus pulex, fluviatilis, &e. 


_ = f b 


2. The forms with re- | 4. Species of Camna- 
duced eyes mentioned by rus without eyes (G. fra- 
Schneider and Moniez gilis, Chilton), 





(G. pulex var. subterra- 
neus, Schn., G. fluviatilis 3. Buthyonyx, Vejd. 
var. €Emmerin, Mou.) (B. de Vismesi, Vejd.). 

An exaetly similar series can be made out in Orangonya, 
and adopting the same method as above the following result 
is obtained :— 

1. Species of Crangonyx with eyes, 


Craugonyx gracilis, recurvus, &e, 


= 


2, C, compactus 3. C. subterra- 4. Blind species 5. Boruta 
Chilt. (With 2 neus, Bate. With in North America, Wrzes. (L ene 
to 3 crystalline pigment-veil. braruin). > 
cones. ) 


For Niphargus also a corresponding series of species ean 
in all probability, be drawn up in spite of the fact that no 
species bearing eyes are yet known. That such must have 
existed, however, is proved by the species with rudimentary 
visual organs. 

The series in this case may be shown in the following 
manner :— 5 


1. Niphargus (hypothetical, species with eyes), 


k n 


_ 2. N. elegans, Garb, (With J. Eyeless species. 
little pigment-flecks.) («) With optic ganglia, 
N. Kochianus, Bate. 
vv. Caspary, Pratz: 
(6) Without optic nerves. 
N, puteanus, Ke. 
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EXPLANATION OF THE PLATES. 


General significance of the letters, 


e. Cuticle. | n. Secondary branch of the 
dh, Ordinary setie. | first antennæ. 
Ak. Hyaline spheres in the crystal- p. Pigment-cells, 
line eones, r. Retinula-cells. 
hp. Hypodermis. sp. Sensory brushes. 
kr. Crystalline cones. spo, spo’. Segmental cuticular 


reuse-organs, 


PLATE XI, 


Fiy. ìi. Bathyonyx de Vismesi under low magnification. The appendages 
of the lett side only are shown. l 

Fig. 2. Portion of the third joint of the upper (first) antenne, with the 
aecessory braneh (7), 

Fig. 3. Terminal portion of the antenna, with two hyaline clubs [su- 
ealled olfactory clubs] and a sensory brush. 

Fig. 4. Mandible, left side, from below. 

Fig. 5. Maxilla of first pair: the inner lobe is not visible in this position, 

Fi. OF, inner, b, outer teeth of the middle lobe of maxilla of tirst 
pair, 

n ge Scilla of the second pair. 

Fig. 8. Maxillipede of the left side. 

Figs, 9-11. Gnathopods of the first (a) and second (4) pairs of three indi- 
viduals under nearly equal magnifieation, in order to show the 
moderate variability of their form. 

Fig. 12. Uropod of the third pair. 

Fig. 13. Telson from above, in order tu show the position of the sensory 
brushes. 

Fig. 14. Outer (¢) and fibrous (e’) cuticle, in which the urn of a sensory 
brush 1s embedded. ne, nerve-ending. 


Fig. 15, Double hooks of the first and second pleopods. 


PEATE Vi 


Tig. 16. Distribution of the erystalline cones in the pigment and on its 
periphery under low magnification, Bathyony.r. 

Fig. 17. lead from the left side, with basal joints of the first and second 
antennie, the diffuse eye, and the segmental cuticular senso- 
organs. Highly magnified. 

Fig. 18. Head of the same animal seen from the right side, in order to 
show the variable number of crystalline cones, 
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Fiy. 19. Section through the diffuse eye of a specimen preserved in formol- 
The cuticle (c) is widely separated from the hypodermis (Ap). 
rt, retinula., 

Figs. 20-50. Segmental sensory capsules of different representatives of 
the genera Gammarus, N iphar. A and Crangonyx. 

Tig. 20. Gammarus sp., from Ierzegovina (22 u long). 

Fig. 21a, b. Gammarus from Lantenthal (16 p). 

day. 22. Niphargus elegans from Modena. 

Figs. 23, 24. Niphargus puteanus from Prague (12 p). 

Fig. 25. Crangonyv compactus. 

Fig. 26. Niphargus tatrensis (Switzerland). 

Taig. 27. Niphargus from Lille. 

Fig. 23, Niphargus Caspary from Munich. 

Fig. 29. Niphargus Kochianus from Lough Mask ; b, in optical section. 

Fig. 80. Crangonyv subterraneus from Podbaba, near Prague. 


[The foregoing paper by Prof. Vejdovsky, of Pragne, has 
been translated by my friend Mr. D. J. Scourfield, and would 
have appeared in print last year, but that it seemed desirable 
if possible to supplement the information by the result of 
further researches. Unfortunately three days’ dredging 
undertaken last summer, and again this year, failed in 
securing any additional specimens “of Bathyonyx de Vismesi, 
although 251 examples of A iphargus Nochianus, Bate, were 
taken in Lough Mask. The bright orange colour which 
characterizes them all, as well as Ban honn w, from the lake, 
finds a parallel in the observation of M. Chevreux referring 
to Niphargus Plateaui, var. robustus, captured in an open 
basin formed by the source of the Robine at the foot of the 
mountains of Gardiole, the adult specimens of which he 
described to be of a salmon-red, paler in the younger indi- 
viduals. The probability that these animals might have 
been originally introduced from the underground streams that 
percolate the limestone strata about Lough Mask suggested 
an investigation of these latter. Accordingly, Lord Ardilann’s 
permission having been given, a research was conducted into 
the subterranean waters in his extensive grounds near Cong. 
This resulted in the discovery of thirteen N. Xochianus in 
one cave and a single specimen in another. All fourteen 
were of the usual translucent hue which I am accustomed to 
sce in examples of Niphargus taken from wells, but, with 
the exception of their colour, were in every respect identical 
with those of the lake. Hence it is now scarcely open to 
doubt that the blind species of Niphargus recorded as occurring 
in Lough Mask, the Lake of Geneva, the Lake of Zirknitz in 
Carniola, and some Swiss lakes, have been derived from their 
congeners inhabiting subterranean waters, and that the orange 
or salmon-red colour of those in Lough Mask and those cited 
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by M. Chevreux is an attribute of the changed environment. 
I do not know whether a similar colour characterizes those of 
other open waters. As to the origin of Dathyonyæ, however, 
we have so far no indication of its derivation from subter- 
ranean ancestors; and it appears probable, according to 
Prof. Vejdovsky, whose judgment is based upon its general 
characteristics and the details of its organization, that its 
progenitors lived in the open waters of Lough Mask and that 
its present characters are the result of its existence in the 
lowest depths. My latest researches have also strengthened 
the probability of his suggestion that a habit of burrowing in 
mud may have enabled Bathyonyx to escape capture by the 
dredge, which skims the surface of the lake-floor. Never- 
theless a considerable amount of mud was subjected to exami- 
nation on each occasion, which produced nothing but some 
N. KNochianus. 

The latter portion of Prof. Vejdovsky’s paper on the 
synonymy of 


Gammarus Caspary, Pratz, 
Gammarus Kochianus, de Rougemont, 
Niphargus Kochianus, Vejdovsky, 
Niphargus Caspary, Wrzesniowski, 
Niphargus Kochianus, Chilton, 


has been omitted.— Wm. F. pe Vismes KANE. ] 


XXXVIH.— Observations on the Trematode Parasites of 
British Birds. By Wituitam Nicol, M.A., B.Sc., Gatty 
Marine Laboratory, St. Andrews. 


Towarps the end of last spring I had an opportunity of 
examining scveral of the commoner species of shore-birds. 
These were, unfortunately, 11 most cases not in the best 
condition for helminthological investigation, as I seldom 
received them till at least a day after they were killed, when 
the parasites were almost always dead. The immediate 
application of weak formalin, however, preserved their 
anatomical details rather well, although it rendered them 
unfit for histological work. For this reason important 
features in some cases are only superficially deseribed, a 
matter whieh I hope to improve shortly with the help of 
better material. These obscrvations are thus to be regarded, 
to a ccrtam extent at least, as merely preliminary. 


